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(54) PRODUCTION OF TERNARY CATALYST EXCELLENT IN LOW-TEMPERATURE ACTTVITY 

(57)Abstract 

PURPOSE To obtain the ternary catalyst capable of sufficiently purifying even a low-temp, exhaust gas by impregnating a perovskite- 
structure multiple oxide carrier or further a carrier contg. a heat-resistant oxide with an aq. soln. of noble metal salts with the pH 
specified, drying and then calcining the impregnated carrier. 

CONSTITUTION: A carrier is impregnated with an aq. soln. of noble metal salts acfiusted to >pH10, and the impregnated carrier is dried 
and then calcined. One or >2 kinds of metals are selected from the group consisting of Pd f Pt, Ru t Rh and Ir and used as the noble 
metals, and Pd is especially preferable. The carrier is the perovskite-structure multiple oxide expressed by the formula Ln1-xAxMo3 
(Ln is the rare-earth metals except CI, A is CI or alkaline-earth metals, M is one or >2 kinds among the transition metals consisting of 
Mn, iron, Co, Ni, Cu, Pd and Ru and 0<x<1). Meanwhile, a heat-resistant oxide contg. CL Zn and rare-earth metals other than Ce and 
at least a part of which forms a multiple oxide is further incorporated as a promoter. 
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CLAIMS 

[Claim(s)] . 
[Claim 1] The manufacture approach of the catalyst characterized by infiltrating support and calcinating after desiccation the noble- 
metals salt water solution which aojusted pH more greatly than 1 0. 

[Claim 2] Noble metals are the manufacture approaches of the catalyst according to claim 1. 2, or 3 which are one sort or two sorts or 
more of metals chosen from the group which consists of Pd, Pt, Ru, Rh, and Ir. 

[Claim 3] Noble metals are the manufacture approaches of the catalyst according to claim 4 which is Pd. 

[Claim 4] The manufacture approach of the catalyst according to claim 1 which is the multiple oxide of perovskite type structure in 
which support is shown by general formula Ln1-xAxM03 (the rare earth metal except Ce and A are the transition metals which consist 
of Mn, Fe t Co, nickel. Cu, Pd, and Ru, and Ln is [ Ce or alkaline earth metal, and M ] all one sort or two sorts or more, and 0< x<1). 
[Claim 5] The manufacture approach of a catalyst according to claim 4 of including Ce and Zr, or the heat-resistant oxide with which at 
least the part serves as a multiple oxide or the solid solution including rare earth metals other than Ce further in a co-catalyst pan. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the three way component catalyst which shows purification activity also on the 
conditions that the exhaust gas temperature at the time of an idling etc. is low, and its manufacture approach m the three way 
component catalyst for exhaust gas purification excellent in the purification capacity of a carbon monoxide (CO), a hydrocarbon 
and nitrogen oxide (NOx), especially the gasoline engine for automobiles, etc. 
[0002] 

[Description of the Prior Art] As a three way component catalyst for exhaust gas purification, the precious metal catalyst which 
supported noble metals, such as Pt Rh, and Pd, is put in practical use by the alumina simple substance, and it is widely used for it 
Moreover utilization is expected as a cheap three way component catalyst for exhaust gas purification with which the multiple ^>*ide 
which has the perovskite type structure which consists of a rare earth metal, an alkaline earth metal, and transition metals purifies CO, 
HC and NOx (refer to JP,59-87046,A and JP,60-821 38 A). Although CO and the purification capacity of HC are excellent this 
perovskite mold multiple oxide is a little inferior in the purification capacity of NOx. and they are not enough to present practical use as 
a three way component catalyst for automobile exhaust Then, in order to heighten the NOx purification "^° fa P^ vsk ^f m0,d 
multiple oxide catalyst also making noble metals live together is proposed (refer to JP.1-168343.A and JP.2-90947.A). The noble- 
metals salt water solution which adjusted pH to 7-10 is infiltrated into perovskite mold multiple oxide support and the approach of 
calcinating is indicated by especially JP.2-90947.A after desiccation. 

[0003] c . 

[Problem(s) to be Solved by the Invention] In the gasoline engine of an automobile, although these catalysts show the purification 
activity excellent in the conditions that exhaust gas temperature like [ at the time of transit ] is high, they do not show purification 
activity sufficient on the conditions that the exhaust gas temperature at the time of an idling etc. is low. A catalyst which shows 
sufficient purification activity also on the conditions that such exhaust gas temperature is low, with exhaust gas toughening of 
regulations is desired. This invention aims at offering the approach of manufacturing the three way component catalyst which shows 
purification activity sufficient also on the conditions that exhaust gas temperature is low. 
[0004] 

[Means for Solving the Problem] In this invention, support is infiltrated and the noble-metals salt water solution which adjusted pH 
more greatly than 10 is calcinated after desiccation. Noble metals are one sort or two sorts or more of metals chosen from the group 
which consists of Pd. Pt. Ru. Rh. and Ir, and especially its Pd is desirable. Support is the multiple oxide of the perovskite type structure 
shown by aluminum 203 or general formula Ln1-xAxM03 (the rare earth metal except Ce and A are the transition metals which consist 
of Mn. Fe. Co, nickel. Cu, Pd, and Ru, and Ln is [ Ce or alkaline earth metal, and M ] all one sort or two sorts or more, and 0< x<U 
[0005] In order to enable it to maintain purification activity also in an elevated temperature with this catalyst Ce and Zr. or the neat- 
resistant oxide with which at least the part serves as a multiple oxide, or the solid solution including rare earth metals other than Ce 
farther is further included as a co-catalyst The noble-metals salt water solution with which pH was adjusted including the 0.2 - 5.0 
weight section more greatly than 10 by noble-metals conversion is infiltrated to the support 100 weight section, and it calcinates at the 
temperature of 250-800 degrees C after desiccation. _ . 

[0006] as a water-soluble noble-metals salt - tetra— amine palladium dichloride Pd(NH3)4Cl2 - tetra— whether •rt £*Pm and 
uses so that aqueous ammonia and an acid may be added in basic water solutions, such as amine ^^^^^^!^^^.. 
and it may be set to pH>10 Nitrates, such as chlorides, such as PdCI2. PtCI2. and RuCl3.3H20, and Pd (N03)2, Ru ^03)3 Rh (N03>3. 
Or it prepares and uses so that aqueous ammonia may be added to aqueous acids, such as dinitro diamine salts, such as PdtNOZJZ 
(NH3) 2 and Pt(N02)2(NH3) 2, and it may be set to pH>10. 
[0007] 

[Effect of the Invention] the catalyst manufactured by the approach of this invention — the exhaust gas temperature at the time of an 
idling etc. — 100 — dozens-200 — purification activity can be shown also in the low conditions which are dozens of degrees C. 
Moreover, when a heat-resistant oxide is included further, even an elevated temperature 900 degrees C or more serves as a durable 
catalyst 
[0008] 

SSS\) The palladium nitrate solution (Pd 4.4 % of the weight per part) 25 weight section was diluted with the pure-water 1700 
weight section. It became the 1.1 weight section by Pd conversion. Since pH was 1.7, this solution prepared the solution so that 
aqueous ammonia might te added and pH might be set to 1 1 .0. The perovskite mold multiple oxide and the heat-resistant oxide which 
are used for support were created as follows. In order to create a perovskite mold multiple oxide with a coprecipitation method. 103.9g 
of lanthanum nitrates, 26.1 g of cerium nitrates, 34.9g of cobalt nitrates, 0.31. of water solutions which dissolved 72.7g of iron nitrate in 



jure water, and 0.51. of water solutions which dissolved 50g of sodium carbonates as a neutralization coprecipitater were prepared, the 
neutralization coprecipitater was dropped at the previous water solution, and the coprecipitate was obtained. The vacuum drying was 
carried out after rinsing the coprecipitate enough and filtering it This was ground after baking in 3-hour atmospheric air at 600 
degrees C. and it calcinated in 3-hour atmospheric air at BOO degrees C after that it ground further, and the powder of the perovskite 
mold multiple oxide (La0.8CeO. <SUB> 2) (Co0.4Fe0.6) 03 was created. In order to create a heat-resistant oxide Commercial cerium 
oxide powder of high specific surface area (2/g Ce02 specific surface area of 170m) 99.9% of purity and TREOCall rare earth oxides) 
1 1 1 .9g are prepared. To this. 1 47.9g (contained 25.0% of the weight by Zr02 conversion in liquid density 1 .51 and liquid) of oxy- 
zirconium-nitrate (Zr02 (N03)) water solutions. And 26.0g (contained 21.7% of the weight by 20Y3 conversion in liquid density 1.62 and 
liquid) of nitric-acid yttrium (Y(N03) 3) water solutions was added, and it dried in 10-hour atmospheric air at 1 10 degrees C, having 
agitated well and mixing. Then, baking was performed at 600 degrees C in atmospheric air for 3 hours, and about 1 50g of O(Ce0.65Zr 
0.30YO.05)2 multiple oxides was obtained 

[0009] In order to obtain slurry coat support they are 50 weight sections of the previous perovskite mold multiple oxide (La0.8Ce0.2) 
(Co0.4Fe0.6) 03, 50 weight sections of the heat-resistant oxide (Ce0.65Zr 0.30Y0.05) 02 were added to the pure-water 100 weight 
section, the slurry which ground for 12 hours and was obtained with the ball mill was slushed into the heat-resistant honeycomb 
support of the quality of cordierite, and after blowing off and drying the slurry of the complementary section by airstream (it is 24 hours 
at 130 degrees C) t the support which is calcinated among atmospheric air at 600 degrees C for 3 hours and by which coating of a 
perovskite mold multiple oxide and the heat-resistant oxide was carried out to homogeneity was obtained. The above-mentioned 
palladium salt water solution (pH=1 1 .0) was kept warm at 40 degrees C, and the above-mentioned coating support was infiltrated into 
it it held for 2 hours, and palladium was made to adsorb. It was dried at 130 degrees C for 24 hours, it calcinated at 600 degrees C in 
atmospheric air for 3 hours, and the sample of an example 1 was obtained. 

[0010] (Example 2) The palladium nitrate solution (Pd 4.4 % of the weight per part) 40 weight section was diluted with the pure-water 
1700 weight section, and the 1.76 weight section and pH obtained the solution of 1.4 by Pd conversion, and the solution was prepared 
so that aqueous ammonia might be added to this and pH might be set to 10.7. Support obtained the support by which coating of a 
perovskite mold multiple oxide and the heat-resistant oxide was carried out to the heat-resistant honeycomb support of the quality of 
cordierite like the example 1 at homogeneity using 50 weight sections of the perovskite mold multiple oxide (La0.8Sr0.2) (Co0.4Fe0.6) 
03 created with the neutralization coprecipitation method, and 20 weight sections of the heat-resistant oxide (Ce0.8Zr0.2) 02 which 
made the zirconia dissolve to cerium oxide. Infiltrate this support into the above-mentioned palladium salt water solution (pH=10.7), and 
palladium was made to adsorb like an example 1, after desiccation, it calcinated at 250 degrees C in atmospheric air for 3 hours, and 
the sample of an example 2 was obtained. 

[001 1] (Example 3) The pure-water 100 weight section was added to the tetra-amine palladium nitrate water-solution (with Pd 4.6-% of 
the weight solution per part, it is pH=8.5) 23.9 weight section (it is the 0.5 weight section by Pd conversion), and the solution was 
prepared so that aqueous ammonia might be added and pH might be set to 11JL Support obtained the support by which coating of a 
perovskite mold multiple oxide and the heat-resistant oxide was carried out to the heat-resistant honeycomb support of the quality of 
cordierite like the example 1 at homogeneity using 50 weight sections of the perovskite mold multiple oxide (La0.8Sr0.2) (Co0.4Fe0.6) 
03, and 50 commercial weight sections of SrZr03. The whole quantity of the above-mentioned palladium salt water solution (pH=1 1 .2) 
was infiltrated into this support, after desiccation, it calcinated at 600 degrees C in atmospheric air for 3 hours, and the sample of an 
example 3 was obtained. 

[001 2] (Example 4) The ion exchange of the aqueous ammonia was added and carried out to the tetra-amine palladium dichloride 
water-solution (Pd 8.4 % of the weight per part pH= 8.7) 13 weight section, the chlorine ion was removed, and pH obtained the water- 
solution 127 weight section of 12.0. The same coating support as having used in the example 1 is prepared, the whole quantity of the 
above-mentioned palladium salt water solution (pH=12.0) was infiltrated into the support, after desiccation, it calcinated at 250 degrees 
C in atmospheric air for 3 hours, and the sample of an example 4 was obtained. 

[0013] (Example 5) The pure-water 100 weight section was added to the tetra-amine palladium nitrate water-solution (Pd 4.6 % of the 
weight per part) 23.9 weight section (it is the 0.5 weight section by Pd conversion), and the solution was prepared so that aqueous 
ammonia might be added and pH might be set to 12.0. Support obtained the support by which coating of a perovskite mold multiple 
oxide and the heat-resistant oxide was carried out to the heat-resistant honeycomb support of the quality of cordierite like the 
example 1 at homogeneity using O(Ce0.65Zr 0.30Y0.05) 2 prepared in 50 weight sections and the example 1 of the perovskite mold 
multiple oxide (La0.9Ce0.1) (Co0.38Fe0.56Ru0.06) 03 created with the neutralization coprecipitation method. The whole quantity of the 
above-mentioned palladium salt water solution (pH=12.0) was infiltrated into this support, it calcinated at 250 degrees C after 
desiccation and among atmospheric air for 3 hours, and the sample of an example 5 was obtained. 

[0014] (Example 6) The pure-water 100 weight section was added to the hexa ammine tetra-chloride platinum water-solution (Pt 1.45 
% of the weight per part) 34.5 weight section (it is the 0.5 weight section by Pt conversion), and the solution was prepared so that 
aqueous ammonia might be added and pH might be set to 1 1 .3. Support obtained the support by which coating of a perovskite mold 
multiple oxide and the heat-resistant oxide was carried out to the heat-resistant honeycomb support of the quality of cordierite like 
the example 1 at homogeneity using the perovskite mold multiple oxide (La0.8Sr0.2) (Co0.4Fe0.6) O380 weight section and the 
commercial SrZrO320 weight section. The whole quantity of the above-mentioned platinum-salts water solution (pH=11.3) was 
infiltrated into this support, *rt calcinated at 600 degrees C after desiccation and among atmospheric air for 3 hours, and the sample of 
an example 6 was obtained. 

[001 5] ((a) The example of a comparison) Except for the point of having added aqueous ammonia in the palladium nitrate water solution, 
and having aojusted pH to 6.9, the sample of the example a of a comparison was obtained like the example 1 . 
((b) The example of a comparison) Except for the point of having added aqueous ammonia in the palladium nitrate water solution, and 
having adjusted pH to 8.5, the sample of the example b of a comparison was obtained like the example 1. 

((c) The example of a comparison) Except for the point of having added aqueous ammonia in the palladium nitrate water solution, and 
having aajusted pH to 9.7, the sample of the example c of a comparison was obtained like the example 1. 



:001 6] ((d) The example of a comparison) The palladium nftrate solution 25 weight section wa^ £*d*h £ Stt 
section, and pH obtained the water solution of 1.7. Support used the same coating support as the example 3 created using 50 we gnt 
actions i tne perovskite mold multiple oxide (La0.8Sr0.2) (Co0.4Fe0.6) 03. and 50 commero.al we,ght sections of SrZr03. Other 
sonditions obtained the sample of the example d of a comparison like the examp e 1 . „ at! ,H,c+ far a.rtomohllas nut 

[(e) The examp.e of a comparison) 20Pt-Rh/gamma-aluminum 3 catalyst which is a three ^ 
in practical use widely was made into the example e of a comparison. The content of Pt-Rh was the 0.43 we.gnt section, nese 
are collectively shown in Table 1. 
[0017] 
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[001 8] Measurement and a durability test were performed for catalytic activity on condition that the following using the sample of 
these examples and the sample of the example of a comparison. u_jtl« 
Actios measured for each sample (the diameter of 30mm. die length of 50mm) supported by the fT^^S^SLt 
(number of eels 300-/inch 2) cordierite support of catalytic activity by the followmg model gas. The inlet 

shows gas temperature, it carries out a temperature up from a room temperature. *,d makes ^^"^^^sScSltr 
which each of NO. CO, and HC (C3H64C3H8) fell to 50% of initial concentrate 50%. Moreover, nch gas ^^^^^^T 
every second, respectively. Space velocity (SV) of the gas stream which passes along a catalyst was made ,nto 30.000-/time amount 

£t Lean gas CO 2.6 % 0.7 % HC (CI conversion concentration) 0.19% 0.19% H2 0.87% 053% C02 8 % 8 % NO 0.17% 017% 02 0.65% 
1.8 %H2o1Sf 0 % N2 Remainder Remainder [0020] The rich gas and lean gas of the durability r test abova were sw^hed every 5 
seconds, it repeated at 900 degrees C for 30 minutes, the cycle of 30 minutes was repeated 15 tomes at ™ the 
durability test was performed. Catalytic activity was measured by the aforementioned approach als £ ^r*e du^ ^^JJ 8 
measurement result of the catalytic activity before a durability test and the test result of the catalytic activrty after a durab.lrty test 
are shown in Table 2. 
[0021] 
[Table 2] 
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[0022] In each example, 50% purification temperature is low, and it is high in each example of a comparison so that clearly from the 
result of Table 1 . 
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Cl,-3H,0&4*©£<b«l. Pd(NOO,. Ru(NO 
,),. Rh(NO,),ft<f©ffi»a. XBPd(NO,),(N 
H, ), . P t (N O, ), (N H, ), ft t'©5?- F ne>7 5 > 
&&£*©B«4*Si£(C7>*-7**&Jm0TpH> 1 
0(ctt5J:^K:iil!{l,rffli>i. 
[0007] 

[a?8©»*] *^©^S(cJ:0lilS3nSfeMgB7 

-f F*j> i*©»^xaa*iB»+~-'^a+'c© 
40 tc.wim®.mi$bv:$ibitm;Kiz. Qoom 

±omUX fcSMfe©* ZMttKh. 
■ [0008] 

[mm 

(mwDw&'^w&tem (Pd#4.4ia 

%) 2 5SSSP4«*1 7 0 0SaS|5-C*«?U/c, Pd 
&ST1 .ISfiStttofc. C©S«BpH*J1 .7T 
*ofc©"C. 7>*-7*«raSllPL-CpH*l 1 .0 4 



3 

fete. ffiK7>*>10 3.9g. ffiK-fe'J?A2 6.1 
g. mi^^hSA.Qs. 5IIli*7 2.7g&J'&*fc 
jgj»Lfc*i&ffiO .3 v YA>t. tpmmfflb 1>X<D 

mt H y •? a 5 o g £jgssuc*i§!So . 5 u v 
z'&tc. *©&#&*+#*& u aauc&. s^k 

&Ofc. cn«r6 0 0-CT3^HI^*-C^fiKa. 

S p.tc^ur^a^x*^ bgffi^IWM&CL a, .. C 
e..,XCo,.,Fe,.00,©$**ftfiU/fc. 

■5At&£ (CeO,tt£fflffll7 0m'/g. tf£9 9 . 
9%/TREO <£*±SBHb«J) ) 1 1 1 .9 g*ffl 

*ttft(SftB1.5 1. ffi*(CZrO,Jft#"C2 5.0 
£S%£*ftS) 147.9g, RCflSK-f ? I- , ;'>A 
CY(N0,),)*i8^S (iffitfcfil .6 2. ffiftcY.O.jft 
8^2 1. 7SS%£*ft*) 26. Ogfcflll*.. «fc< 

ifasi/cs^oftiwe. 1 1 0-ct i oBSffl*§w-cfa» 
Uc. ^*?6 0ox:r3B$iffl&i&MT& 

l>. (Ce,.,,Zr,.,.Y,.„)6,lg&BWb<B5«:ttl 5 
Og&fc. 

co oo 9] ^7'j-3-ha(**^fc«>K:. 

u-fM3 A YWg&mmiV a . .. C e, )(C o . .« F 
e...)O,<D5 0£a^£. «&H®[t«J(C e. ...Z r 

. ...y, ..,)o,©5 osa®i*«*i o oaaSKfla 

?J<-A5^-C1 2^ffl©»L-r^ftiX7'J-4n- 

X7'J-*^iS-Cl9c$tH,\ (W*«l 3 O'C-C 
2 4B3na) 6 0 0-CT^a+3^lffl«^L-X 

(pH= 1 1 .0) =fe4 0-CK«fil/. *tl«C±iE©3 

«t»T 6 0 0 -CT 3 ^IffljglfiSU-CllffiWI 1 ©Sm%^/c. 
[0 0 10] raM2)l»'-<9!?9Affift-<Pd» 

4 .4aa%> 4 omssfcifcjc 1 7 0 ossscrs&s? 

• L"C. Pd&&ri .7 6ES8P. pHAU .4©ffiS££ 
ttiK7>*~7**S5ttlbTP H*S 1 0 .7 <fcfr 

JfcUc^a 7X2/4 vmmiUtKL a, .. S r . 
(Co...Fe...)O,©5 0iaa5i. Kft-fe'J^AK 
^3-7£S83tf fcW$ttBHfctl(C e . ., Z r . .,) 
O,©2 0fiS8I5££ffit>t\ 0liSWl4Pl«fCt,t3 

(pH= 1 0.7) (c§ss^ HiSfliiEHSUctr 

f£*W8. ^1«P-C2 5 0X;-C3 



) ^Ei¥5-220 39 5 

4 

B#ffliMi.riy6$2©t#B ; 6{ffc. 

[0011] (H6IW3) ^h77 5>A-7i/->AffiK 
(Pd#4.6SS%«&ifi-C. pH=8.5) 2 
3.9Sg®(Pd»git0.5asa) Ktt*10 0ft 
SSSfclllia.. 7^-7*^JBL/TpH*11 1 .2t 

IS&ffliyiiL a. .. Sr,.,)(Co,..Fe, ..)0,©5 
OfifiSfti. rfrK©S rZ rO,©504ffigP£*ffll» 
T, 5U6Wli©a«:0-C3--i/i7-<f^©Si«att-' , » 

}&®XvV>*>Mte*m. (pH= 1 1 .2) <D±&* 

mat* e&a. j&*?6oox-c3mm.bx 

[0012] (UttflH) ?■ 1-373 ://<95?9M>f 
Ov-ff^mS. (Pd^8.4fifi%-C> pH=8.7) 
1 3SS8IHC7>*-7*£jni*.. -ftfVSd&t/tJ&Si 
<f*>%R0»t. pH#12.0©7kjg?St2 7gfi 

20 ^©aftKiiaw^^Aa^iSffi (ph 

= 1 2.0) ©£S££S3ii\ fEfiia. *&*T2 5 

ovx3mffi$.L>x$Lmm4<Dim%®tc. 

[0013] (Xte{^5) 7 i h-575>^5y'>AffiK 
fi*iSffi (Pd»4.6Sfi%) 23.9SfiSP(Pdft 

fifco.5fia§iJ.) tc«*i ooaaapfcin*.. 7>* 

-7**8SJnbr p H# 1 2 .0 <bJ5:S<t^KjSjS«ra 

hSS^aft®(La, ..C e. . 1 )(Co,.„Fe..„R 
u, ...)0,©5 0SSffliie»P5 1 -CffiSUfcCC e. . 
30 „ Z r, ;„ Y, .„)0, t4m>r. ^IfelH 1 tm&KL, 

sftfcfflft&gfc. c©tn*«c±e©A - 7e/-5Aa*s 

?E <pH= 1 2.0) ©£S££iI3ii\ 

tp 2 5 o -c-c 3 mm. Lxms&m ©s^*sfc. 

[00 14] Cmm) *vMT>»>^F»fn9 
4Fa£*i&S<Pt#1.4 5«S%> 3 4.5Sfi6P 
(P tSSSfCO .5SJISI5) «*6*1 0 OSSSfcftD 
^ 7V*i7*%aSflDLrpHi!>Jl 1.3ttt*«t5 

(L a, ., S r , .,)(C o,.,Fe, .,)O s 8 OSfiSPiiP 
SS©S r Z r 0, 2 OSSSBifcffll^T. ^JSW 1 

t©Stt{CjJ2©G£tt*i8 
« (pH= 1 1 .3) ©£S1:3ii3-e. Kitia. 

* 6 o o -c-c 3 mm. i> x$mm 6 ©K*4*»fc. 
[0015] (imw&)m><vi>vi>*mit7v 

*-7**^JnUT p H% 6 .9 KSSS Wu5£B5a> 

so r. mwitmft^ximw&omzwc. 



(4) 
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JDLrpH%8 .5KSSLfcji«:i^l.>-C. StSPJli 
(ItSM c ) WW*W> A*jWBCT>*iT**» 

[0 016] (tt^WtDlSK^^y^Ajg^ZSSS 

mm. i o o fifis-c#)RL/r p h# i . 7 ©*?§}£ 

r, .,)(C o. F e„ ..)0,©5 OSSSitpSRCS r *10 



z r o,©5 ow^tim^ri'mvkmm^im 

*>* P t - R h /t - A 1 , 0,D4tt4tt«« e £ btc. 
Pt-RhC^fffittO^SSfiSSTiJ^fc. Ctlfc 

tOO 1 7] 

[an 





was t ]<own4m*s 




m 




No 






ft&S 


PB 


Mt 


1 


[S0](Lao.|Ceo*s) (Coo. 4Fco.e)0a 


[SO](€co.66Zro.sY 0 .o»)03 


[l.l]Pd 


L0 


600*0 


2 


[80] (Lio. eSfo. *) (Coo. 4F«o.o)O a 


[20](Ct o ^Zr o .2)0fl 


[1.763Pd 


10.7 


25tfC 


3 


[SO](Lio.iSTo.2>(Coo. iFco-eXb 


[5O]StZi0 9 


[0.5]Pd 


u.: 


600X: 


4 


[S0](Lio.eCco.2)(Coo* aFe o .c)0a 


[50] (Ceo.eeZr 0 .aY 0 .o5)Oa 


[l.l]Pd 


12.0 


zwrc 


5 


[50](Lio*sC< o .i) 

(Ceo. 8«Feo. s*K&o. oe)0$ 


[60](Cto.fl fi 2ro.aY 0 .o6)Oi 


[0.6]Pd 


12.0 


250O 


6 


[80](U o .»Sr o .2) (Cop.4F«o.6)0s 


[20]SrZiO 3 


[0.5]Pt 


11.2 


60010 


a 


[50D(LBo.iCc 0 . a ) (Co 0 . 4Fe 0 .fl)Os 


[50](C«o>aaZlo.8Vo.ofi)Oi 


[l.tiPd 


M 


600*0 


b 


[50] (Lao. tCeg.a) (Co 0 . 4Fe 0 .*)Oa 


[&0](Cto.ea2fo.8Vo5)0a 


[l.UPI 


8,6 


600<C 


c 


[50](tio.tCco.2)(Coo.4Feo.»)09 


[50](Cio.aeZio-8Yo.oB)Oa 


[l.llPd 


9.T 


600O 


d 


[503(Lio. »Sio.2)(Coo.4Fe 0 .i)0» 


[50]SiZr0a 


[l.l]Pd 


1.1 


6000 


e 




[10037-AlaOa 


[0.43] 
Pi-Rh 


l.S 


260O 



or, ar^^vmrnm^tm^m^m^ no. co, hc (c.h.+c.h.) ®*ti*tnmm 



^~*7A« (-fe;HS3 0 0/inch l ) 3-^*3 4 Hi 

y ? 

CO 2.6 % 

HCCd&HiSK) 0.19% 
H, 0.87% 
CO, 8 % 

NO 0.17% 
O, 0.65% 



ft**. MMtt9fttfxtt<DSnaS (SV) «3 0 , 
0 0 0/RHiUc. 
[00 19] 

0.7 % 
0.19% 
0.23% 
8 % 
0.17% 
1.8 % 



(5) $1^5-2 20 39 5 

7 8 
H,0 10 % 10 % 

n, m m& 

[oo2o] mm . * mfflm<omm<Dmmi&2 tc* 

±££©y y->#*£5#S{cW9&*-C 9 T. 

00-CT30^. 7 5 0*C-C3 0#©1>-O;l' : &1511 [002 1] 
ig»3)El/-cW^Ki!^f«c- 3 fc. KXWK^KfcBiliB© t«2] 

nm-cmmimmbtc. msmmm£&<D®* 





«J3 




N o . 


NO 


CO 


HC 


NO 


CO 


HC 


r±y 4JU tn] ■ 


2 0 7 


2 0 4 


2 1 5 


2 6 8 


2 7 4 


2 8 7 


&ftffl2 


14 0 


15 0 


15 1 


2 2 1 


2 18 


2 3 3 




2 15 


2 17 


2 2 3 


2 7 1 


2 6 6 


2 7 8 




13 6 


13 2 


13 8 


2 0 7 


2 2 7 


2 2 8 




15 6 


1 4 1 


15 5 


2 11 


2 2 7 


2 3 2 


Xttffl6 


18 6 


15 8 


15 8 


2 6 0 


2 2 5 


2 5 7 




2 3 6 


2 2 7 


2 4 2 


3 7 0 


3 3 2 


3 4 9 




2 5 3 


2 4 5 


2 5 6 


3 7 4 


2 8 8 


3 3 2 




2 3 3 


2 2 5 


2 3 6 


4 3 2 


3 6 5 


3 8 2 


»«St« d 


3 1 7 


3 0 6 


3 4 1 


>5 0 0 


3 9 4 


3 9 3 




1 9 8 


19 3 


2 0 8 


2 5 9 


2 6 3 


2 7 6< 
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